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aiBaorandum  describes  the  preliminary  work  conducted  to  deter- 
mine whether  the  color  parameter  In  a multicolor  storage  tube  would 
enhance  the  detection  of  submarine  targets  in  a noise  or  zeverberation 
backgixmnd  and,  also,  to  evaluate  the  perfonoanee  of  the  Hug^s  elec- 
tronic color  storage  display  device.  The  work  was  done  under  NEL 
p,ou».-3.  be  construed  as  a report  as 

Its  only  function  is  to  present,  for  engineering  purposes,  Infoxmation 
eoneemlng  a portion  of  the  work  being  done  on  sonar  display  devices. 

The  dlsitlay  device  used  in  the  experiiaeut  was  a ten-inch  color 
storage  tube,  figure  1,  developed  by  Euc^es  Aiteraft  Coogpany  under 
Air  Rbrce  Contract  AF(6i6)-2177>  The  tube,  serial  10-11,  was  on  loan 
to  Code  2633  fk^xt  Wrl^bt  Air  Development  Center  and  was  received  at 
NEL  on  13  January  19?9« 


The  tube  is  a three-gun,  color  storage  tube  In  which  three  electron 
beams  are  used;  oae  for  each  primary  color  (l.e.,  red,  blue,  green). 

The  tube  dimensions  and  other  general  specifications  are  given  in 
Table  I.  Operating  data  for  Color  Tube  10-11  la  given  in  Table  II. 

D/fflA  IgaPLAY 

The  sonar  data  displayed  was  In  digital  form  and  had  been  conguter 
porocessed.  The  eonputer  processing  and  data  simulation  was  performed 
using  the  Input/output  logical  circuitry  sad  magietlc  storage  drum  of 
a Remington  Rand  Deltic  having  a memory  of  SOOO  words,  word  length 
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vrltiag  a Uae  to  xopwaont  tba  anpUtude  of  tbe  -word.  Tbe  Use 
written  had  el|^  (S^)  dlfCerant  poaalblo  lenetha,  vlth  a tnaxiimm 
length  of  0.7?  laehea.  Ihe  gating  of  tbs  color  guns  and  the  dlgltal-to- 
tlea  iatarral  oonverslon  vas  perfoned  using  "T«Pae''  logical  eXeaents 
purohaasd  ttoa.  the  OaiQutar  Control  Company » Iao.»  Fiwlngham,  Maeaartwiaetta 
Vo  lieit  the  density  of  the  rreorbexetlon  or  noise  background 


VBn  seeoads  vbtq  requlxwd  to  read  out  all  of  tlie  vorda  ficoa  tbe 
Seltle  and  display  the  infontatioo.  Tbe  persistence  of  the  eolor 
stova^e  tube  vas  approxlastely  2 mlmites,  after  ebldi  deterioration  of 
the  stored  infoxnatlon  vas  appreciable. 
gg  EOSBDaai 

The  objeetiee  of  the  ejgperlzasnt  %as  to  determine  hov  well  a human 
operator  was  able  to  pick  targsts  froa  a background  of  noise  or  rwerbera* 
tion  displayed  on  each  of  two  display  deeioes.  Fbotographle  slides  of 
tha  two  displays  were  projected  in  two  aectioos.  Tbe  first  section 
consisted  of  black  and  white  slides  of  the  Bu^ms  Tonoecopc  display. 

Ibr  each  color  elide  ehosn,  an  aasodatad  black  and  idiite  slide  eontaln- 
ing  tbe  seise  information  was  shawn  so  that  a direct  oonparlson  betwaen 
the  two  displays  could  ba  made,  anuples  of  some  of  the  photographic 
slides  used  in  tbe  experlaant  axe  ehown  la  figore  6. 

Sewen  human  cpereteirs,  fentlllar  with  tbe  detection  task  and  philo- 
Bophy  of  the  tost,  partieipated  In  the  erperlmsnt.  The  slldee,  Tahls  H, 
shown  to  thn  oontaiiied  a background  of  simulated  raadoa  noise  (7!^ 
wards)  or  rewerberatlon  (1000  words)  and  a few  targets.  Because  of  the 
targst'like  pettexna  generated  by  the  noise  or  rewerberation  background 
(partleularly  true  on  the  Toooseope  display  where  there  was  no  color 
idwiee),  it  beemae  ^pperaat  that  the  fhlse  alarm  counts  would  ba  exces- 
alee  if  some  criterlonware  not  placed  on  the  number  of  targets  to  expect 
on  any  one  slide.  Itor  this  reason,  osch  operator  was  told  before  the 
tm«t  begKX  that  tbe  maxlimim  number  of  targets  on  any  oos  slide  was 
three  and  a aaareh  tins  of  20  aectnds  would  be  allowsd  ftn  each  slide. 

During  the  test,  the  operatoor  chose  the  targets  and  indicated 
their  location  on  the  seraen.  The  axparlaenter,  knasring  the  axaet 
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loeatloB  of  tbe  targsta,  recorded  tbe  mmlier  of  targate  oboeac,  the 
ntmiyir  of  targate  miaac&f  aad  the  moEfber  of  false  alanas. 
gg  iUB  or  gg  nPKRXMHg 

Ibe  a««ra0S8  of  tiis  ei^erliaeotal  resiilts  are  recorded  in  Table 

nz.  The  Indialdiial  operator  reaulte  varied  over  tbe  reaae  of  0 to  3 

falsa  alanas  vlth  a laarlMm  of  one  target  aiaacd  for  anar  oos  blacX  and 

abite  slide  of  the  Toooscops  display  and  freas  0 to  1 false  alaxn  and 

0 targets  missed  fOr  aagr  one  color  allde  of  the  Z^Coiar  Tube  display. 

froa  thla  table*  It  la  aeon  that  the  false  alana  count  associated  vlth 

tlM  Thaoscope  display  vas  conaldexeMy  greater  than  that  of  the  3>Colar 

Tube  display.  The  reason  far  thla  vas  the  gzeater  raaasblanee  between 

'mgjVta  and  the  patterns  geaerated  by  tha  noise  or  reverberation  back- 

ground.  In  the  colar  djapljy*  noise  or  reverberation  verds  vrlttea 

adjaeent  to  aadx  other  eould  often  be  dlserlmlaated  from  a target  by 

aaaas  of  the  color  associated  vlth  the  words.  That  Is*  noise  vords 

on  the  3'-0olor  Tube  display  might  be  represented  by  red*  blue*  or  green 

noise  levels  vrltten  adjacent  to  each  othar*  but  on  the  Tonoeecpe  dla* 

play  they  vould  appear  as  a continuous  vhlte  line  of  sufficient  length 

to  Indicate  a target.  lOr  the  saas  reason*  the  number  of  targets 

slaaed  vea  greater  on  the  Tonosoope  display  vhen  adjacent  ooiae  or 

0 

ravsxhentlon  words  would  appear  as  a level  of  greater  anglltude  than 
that  of  a low  level  texgit.  It  la  also  evident  that  the  false  alarm 
eount  aaaoclsted  with  tbs  3~Color  Tube  display  would  bs  less  vlth  tha 
aolsa  limited  background  than  vlth  tbs  rewerbsratloD  background  vhere 
thors  are  a large  percentage  of  aero  doppler  reverberation  vords*  althou^ 
the  results  of  the  llmitsd  tests  made  do  not  indicate  this . 
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It  \ias  desired  to  obtailn  from  the  color  display  slides  a com- 
parison of  the  degree  of  detectlblllty  of  targets  vhen  presented  in  a 
noise  limited  haclcground  sod  vhen  presented  in  a reverberation  limited 
background  vhere  90^  of  the  background  indicated  ?»ro  doppler  vords. 
However>  from  the  results  obtained,  tbe  degree  of  detectiblllty  of 
targets  in  the  tvo  different  backgrounds  vas  inconclusive. 

A eoiqparlson  vas  betveen  an  A**Scan  presentation  and  a B-Scan 
presentatlcm.  The  results  of  the  experiment  indicate  that  en  A-Scan 
presentation,  vhere  data  from  all  bearings  vere  superin^posed,  mi^  be 
the  most  desirable  display  from  tbe  standpoint  of  initial  target  detec- 
tion. TN^r*  vere  no  false  alarms  or  missed  targets  indicated  in  the 
results  of  tbe  A-8can  presentation  on  either  of  the  tvo  display  devices. 
COLOR  SIOBACE  TUBE  PERFOEMAHCB 

Kie  rssolutlon  of  the  tube  vas  meas\ured  by  tbe  shrinking  raster 
amtbod.  With  optimum  gum  aidjustments,  tbe  resolution  of  the  tube, 
storing  the  colors  in  three  independent  tests,  vas  determined  to  be 
25  lines  per  inch  using  the  green  gun,  SO  lines  par  inch  using  red, 
and  20  lines  per  inch  using  blue. 

The  variations  in  screen  bri^ness  fbr  the  three  colors  vea 
measured  using  a Bpectra  Brlt^itness  Spot  Meter.  The  results  of  the 
teat  are  depicted  in  figure  7.  Tb»  siirfsce  viewed  by  the  Spot  Meter 
VBS  enclosed  in  a circle  of  l/2  inch  diameter.  The  area  vieved  during 
the  test  vas  a aolld  color  pattern,  2 inches  vide  by  ? inches  in  belc^t, 
stored  on  the  left  portion  of  tbe  screen.  With  optimum  adjustments 
s<iual  dynsttie  biasing  voltages  for  each  gun,  the  wstItiiittti  intensity 
measured,  vlthout  tbe  guns  over-vrlting,  varied  from  0.23  foot  laniberts 
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for  the  green  color^  O.19  foot  lamhcxts  for  blue,  to  0.016  foot 
lenberts  for  red.  Because  of  the  low  vlevlng  Intensity  of  the 
storage  tube,  the  display  had  to  be  viewed  in  a darkened  room. 

The  usable  retention  time  of  the  display  was  approximately 
2 minutes,  after  which  time,  the  stored  pattern  hod  deteriorated 
appreciably  (photograph  D of  figure  6) . 

With  \diat  was  considered  to  be  optimum  adjustment  of  the  tube 
' controls,  the  pattern  stored  on  the  lower  portion  of  the  screen  con- 
tained color  ifitpurltles,  apparently  iijherent  In  the  tube.  Also,  in 
this  area,  the  Intensity  was  very  low  and  \ritten  information  was 
difficult  to  distinguish. 

A five  level  halftone  range  is  clelned  for  this  tube.  In  an 
attenpt  to  utilize  the  halftone  range  to  provide  Integration,  the 
same  word  was  rewritten  several  times  at  vs^rlous  writing  intensities. 
However,  no  adjustment  was  obtcdned  which  produced  any  significant 
Integration  effect. 

OOHCLOSIOHS 

I 1.  In  a B-Scan  presentation,  the  color  parameter  in  a color  display 
I device  enhances  the  detection  of  a target  in  either  a noise  or  a 
reverheration  hackgrouzid  tihen  the  color  is  used  to  display  doppler. 

2.  In  a B-Scan  presentation,  the  false  alarm  count  is  reduced  Mben 
I the  displayed  Infomation  is  presented  in  co].or  when  the  color  is 
used  to  display  doppler. 

(3.  The  A-Sean  presentation  used  is  more  desirable  for  initial  target 
detection  than  a B-Scan,  as  deduced  fixn  the  limited  tests  made. 
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kt  Impro’veoeQts  in  tbs  level  and  unifoxnlty  of  tbs  surface  brl^xt- 
ness  would  the  3-Color  Storaga  Tube  a much  more  desirable  display 
device. 

Ingarovenents  in  color  purity  In  tbe  lower  region  of  the  tube  are 
' required. 

6.  Tbe  useful  area  of  tbe  tube  surface  is  too  small. 

» 

7.  Multiple  writing  of  the  same  word  does  not  mate  it  slcgiflcantly 
different  in  intensity  from  sln^y  written  words . This  indicates  that 
tbe  tube  does  not  have  tbe  five  level  halftone  range  indicated  by  the 
manufecturer. 
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TABLE  I.  General  Specifications  of  the  Color  Storage 
Tube 


Write -gun  cathodes  (three)  indirectly  heated 

Voltage  6.3  (ac  or  dc)  volts 

Current  1.8  anrperes  total 

KLood-9in  cathodes  directly  heated 


Voltage 

Current 

fhospbor 
Focusing  method 
Convergence  method 
Deflection  method 


1.25  (dc)  volts 
0.2  aaq^re  per  filament 
Inner  circle,  2.8  aa^iea 
Outer  circle,  I*. 8 amp&rea 

color,  aluminia»d 
ELLectrostatic 
Electrostatic 
Magnetic 


Over-all  length 
Qreatest  diameter  of  bulb 
Usefbl  screen  diameter 


18  inches 
9.2?  Inches 
6 inches 
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TABIJB  II.  Color  Tube  10-11,  Operating  Data 

Vyg  * + 6 kv 
^shadow  mask  “ ^ 

^storage  inaak  » + 5-0  v 
^shield  grid  “ + 

^body  dag  “ + 30  v 
Vcan  » + V 
Vneck  dag  • + 80  v 


' 

Vflood  gun  gjrld  “ + 5*6  v 

' f 

^erase  “ + ^5  v 

1 

Brightness 

0.23  ft.  Lamberts  Green  gun 

f 1 

1 

0.19  ft.  Lamberts  Blue  gun 

1 ! 

f-  1 

0.016  ft  Lamberts  Red  gun 

r t 

i 

! 

1 

Resolution 

2^  lines  per  inch  Green  gin 

{ ' 

[ 

{ 

1 , 

20  lines  per  inch  Blue  gun 

r 

f 

i , 

20  lines  per  inch  Red  gun 

1 

i . 

\ 

Persistence 

2 minutes  (usable  retention  tine) 

Cathode 

^cathode  * -6.0  kv 

^focus  “ “5*3  kv 

' 1 

^convergence  ■ -3*7  kv 

Voltages  given  axe  vith  respect  to 
flood  cathode  potential  (ground). 
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VIEW  PLATE 


STORAGE  MASK 


SHADOW  MASK 


SHIELD  GRID 


RING -TYPE 
FLOOD  GUN 


THREE  - BEAM 

writing  gun 


INCHES 


18  INCHES 


Side  View  of  Ten-Inch  Color  Storage  Tube  Indicating  the  Storage 
Target,  Ring  Flood  Gun.  and  Thr ee - Ilea,ni  Writing  Gun 


Figure  2.  Completed  Ten-Inch  Color  Storage  Tube 


WAJDC  TR  57-400 


Flgpre  3>  DBCta  Word 


Length 
Color  ■ 


« Anplltude 
Doppler 


Figure  k.  Data  Display 


A B 

I J 

1 

B-^an  presentation  on  the  S'Color  The  same  B-Scan  presentation  as  \ 

!I\iha.  Holse  background  and  2 Photograph  A vieved  on  the  j 

targets.  Because  of  the  lov  vlev-  Tonoacope. 

Ing  Intensity  In  the  lower  portion 

of  the  screen,  the  green  target  In  i 

this  area  Is  xxit  visible. 


Photograph  A description: 


Deterioration  of  the  stored 
infozmatlon  after  2 ninutes . 
Sblse  heudcground  and  0 targets. 


A-Scan  presentation  on  the  3-Color 
Tube.  !Ihe  sazae  digital  infozmation 
as  in  Photograph  A vlth  the  bearing 
Infbznatlon  clanged. 


Flgore  6.  (Continued  from  preceding  page) 


TABL£  111.  Averages  of  the  Experiaental  Results. 


auiE 

lESCBIFEIOlf 

ISLSPLK£ 

TEUCB 

TARQBTS 

CBOSEN 

TARGETS 

MISSED 

FALSE 

ALARMS 

1.  Reverteratlon 

3-Color  Tube 

2 

0 

0 

background  and 

2 targets 

ToDoscope 

2 

0 

0 

2.  Reverberation 

3-Color  Tube 

2 

0 

0 

background  and 

2 targets 

Toooscope 

3 

1 

2 1 

3.  Hoise 

3-Color  Tube 

1 

0 

1 

background  and 

0 targets 

ToiuMicope 

1 

0 

1 

It-.  Boise 

3-Color  Tube 

2 

0 

0 

background  and 

2 targets 

Tonoscope 

2 

1 

1 

A-Scan  and 

3-Color  Tube 

2 

0 

1 

0 

2 targets 

Tonoscope 

2 

0 

0 

6.  A-Scan  and 

3-COlor  Tube 

2 

0 

0 

2 targets 

Tonoscope 

2 

0 

0 
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MCA.  SIMULASION  TOR  COLOR  mSFLAX 

A.  Data  Simulation 

To  simulate  the  sonar  data,  the  Remingfcon  Rand  Deltlc  veu9  vised* 

The  Deltlc  vas  not  vised  as  a tine  coaq;iressorj  but  as  a drum  storage 
vlth  suitable  ix^t  and  output  logic. 

To  simulate  the  background  (noise  or  reverbezetlon)  data  using  the 
Deltlc,  17  random  "word  bit"  signals  were  fed  to  separate  Deltlc  tracks. 
(Figure  8) . ISie  most  significant  of  the  3 aoplltude  bits  was  clsi^d 
to  "0"  during  background  data  storage  to  reserve  the  hl^r  asgilltude 
levels  for  targets.  Ten  seconds  were  regvd.red  to  fill  the  storage  drum. 

Characteristics  of  the  background  data: 

An^lltude:  Random  distribution  of  levels  1,  2,  3>  eod  on  a 

scale  of  6.  Hl^r  levels  were  reserved  for  targets. 

Bearing:  Random  distribution,  64’  combinations,  6 bits. 

Doppler:  3 levels,  2 bits,  interpreted  as  up,  down,  or  aero 

doppler.  With  no  Bdxlng  of  the  two  filter  output 
slgnsls,  there  was  a ^0^  probability  that  the  back- 
ground word  would  indicate  a doppler  other  than  zero. 
Vlth  e<iual  mixing,  all  background  words  would  indicate 
zero  doppler*  The  doppler  distribution  was  continuously 
variable  between  these  llmlta. 

Bangs:  7 bits  (126  increments),  linearly  progressing  from 

zero  to  mniriTTBUB  Iq  IQ  ssconds. 


Alter  storing  the  background  data,  target  vorcia  veare  read  iorbo 
the  Deltlc  by  a preset  counter  technique.  The  counter  vas  preset  to 
a number  corresponding  to  the  range  of  the  target  and  the  target  vas 
then  read  In  and  displayed  at  the  time  background  data  of  the  same 
raxige  eas  dlsidayed. 


B.  Beverberatlon  Limited  Background 


Humber  of  background  -mords  displayed: 

Track  length  « 2000  vords 

Random  amplitudes  of  1,  2,  3,  and  are  vrltten  on  the 
storage  drum,  but  because  of  an  eoq)lltude  threshold, 
only  asiplltudes  of  3 sod  ^ axe  allowed  to  gate  a 
gun  on,  therefore  yyf»  of  the  2000  words  or  1000  words 
are  dlqpli^d. 

Het  words  displayed  « 1000 

90^  of  background  displayed  as  zero  doppder.  (Green) 
of  background  displayed  as  up  doppler.  (Bed) 

of  background  displayed  as  down  doppler.  (^ue) 


Doppler  Coding: 

^ > tq> 

AB  ■ down 

AB  AB  B zero 


Humber  of  background  words  displayed: 

Track  length  r 2000  words 

AB  is  not  displsyed,  therefore,  1^00  remain. 

Only  the  ^0)(  having  aa^Htudes  of  3 or  are  displayed. 
Hat  words  displayed  ■ Tyi 
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